abstract. The study of the effect of cassava effluents on macroinvertebrates along downstream reaches of the Orogodo River, the Niger Delta was carried out monthly from January to June 2006. Three study stations were selected along the river course (upstream of the cassava impacted site, the cassava-impacted site, and downstream of the cassava impacted site). The study showed that cassava effluents caused a decrease in dissolved oxygen and pH and an increase in biochemical demand (BOD) and nitrates. Significant differences in these parameters were established among the stations sampled. A post hoc test indicated that station II (the cassava impacted site) was the cause of the observed differences. A total of 55 benthic macroinvertebrate taxa with a mean of 6,116 individuals were collected from the three stations along the river. The analysis showed that the overall density of fauna differed significantly among the stations. Cassava effluents permitted the dominance of oligochaetes and dipterans at station II and this resulted in a decline and total elimination of other benthic macroinvertebrates, which are intolerant of the effects of effluents. These preliminary data suggest that the response of benthic macroinvertebrates is important in the study of impacted aquatic systems and that macroinvertebrates have a great capacity to recover from the cassava effluent impact in terms of taxonomic diversity.
IntroductIon
Most water bodies in Nigeria and to a larger extent in the whole of Africa are subject to an increasing pollution load from the inflow of different kinds of effluents resulting from anthropogenic activities which have become a major threatening factor to the quality of water. Such anthropogenic activities include release or discharge of agricultural waste such as cassava peels, wastewater from agro-allied industries, refineries, human and animal waste, laundering, car washing, wood waste (Walsh et al. 2002; Wade et al. 2002; Arimoro & Osakwe 2006) . The continuous increase in supply and demand for cassava (Manihot esculenta Crantz) in developing countries has accentuated the negative impact cassava production and processing have on the environment and biodiversity (Goodley 2004) . Cassava is mostly produced by small-scale farmers on marginal soils and fragile environments in Africa, Asia and Latin America and the Caribbean, where animal manure and chemical fertilizers are not commonly applied to cassava crop (FAO 2004) . Extraction of starch from cassava roots requires large amounts of water. After separation of starch and fiber, residual water contains small amounts of starch, proteins and hydrocyanic acid. When this water is released directly into streams and rivers, residual starch can cause rapid growth of bacteria, resulting in oxygen depletion and detrimental effects on aquatic life (Goodley 2004) . Cassava generally contains cyanogens and glycosides that are easily hydrolyzed into hydrogen cyanide (Oti 2002) . Toxicological effects of cyanide on organisms have been documented by various authors (Yang et al. 1994; Osuntokun 1994; Wade et al. 2002; Abiona et al. 2005) . There are also reports indicating that dissolved hydrocyanic acid resulting from the processing of cassava tubers may lead to death of fish and other aquatic organisms (Okafor 1998; Oti 2002; Oboh & Akindahunsi 2003; Oboh 2004) . Problems of water pollution with cassava effluents are also critical. For example, water bodies receiving untreated cassava water have been reported to be highly acidic, sometimes with pH as low as 2.6 (Zualiya & Muzondo 1993) . Suspended solids of effluents may settle on a streambed and spoil fish breeding grounds. These solids are primarily organic in nature; they may decompose and consequently deoxygenate water. Cassava processing related water pollution problems have been reported as serious in many countries, particularly in Thailand (Kiranwanich 1977) . As cyanogens glucosides, and Latanstalin are synthesised in tissues of cassava plant, in the course of cassava processing (pressing and washing) cyanide is released into the environment in the form of hydrocyanic acid (Abiona et al. 2004) . If these products are not properly treated and managed, they constitute a great danger to the environment, especially to the water sources that are used for cassava processing. Continuous discharge of cassava effluent and associated waste into the aquatic environment and the dearth of information on the response of benthic macroinvertebrates underscore the need for this study. The aims of this study, therefore, are: to determine water quality characteristics and benthic macroinvertebrate communities in the cassava effluent impacted site; and, secondly, to give a comparative account of the same ecological characteristics upstream and downstream of the cassava effluent impacted site, with a view to ameliorating or minimizing effects of this effluent on aquatic organisms.
MaterIal and Methods

Description of the study area
The study was carried out in the middle reaches of the Orogodo River in Agbor, Delta State, Nigeria. The Orogodo River lies between the latitude 5°10'-6°20'N and the longitude 6°10'-6°26'E (Fig. 1) . The River is principally fed by ground seepage from aquifer in the thick rainforest of Mbiri and, secondarily, by precipitation, municipal effluent and surface runoff from riparian communities. The climate of the area is characterised by the dry and wet season. The wet season lasts from March to October with a short one-month break in August. During the wet season, the river flows more swiftly, its water level rising. Erosion also occurs. The river flows through Agbor, Owa-Ofie Ekuoma-Abavo, Oyoko in Delta State and ends in a swamp between Obazagbon-Nugu and the oil rich town of Oben in Edo State, southern Nigeria. The dry season occurs between October and March. The river substratum consists mainly of fine sand mixed with mud, occasionally with coarse sand and pebbles and decaying debris of macrophytes. The river depth ranges from 2-5 m in the deepest part and 0.38-1.50 m in its shallowest part. The stream flows across an inhabited area and hence it is affected by different human activities along its channels.
station i
The station is located about 5 km upstream of station I. Water velocity at this station is low (mean value = 0.14 m/s) when compared to the other stations. The vegetation cover is thick with a dense tunnel of trees, and consists mainly of emergent macrophytes namely Nymphae, Lotus, Azolla species; Utricularia sp. The streambed is predominantly clay and silt. The marginal vegetation is composed mainly of very tall oil palm (Elaeis guineenis), Raphia vinifera (P. Beauv.), Havea brasiliensis (Muell. Arg.), and Cocos nucifera (L.). Human activities at this station include paddling canoes and bathing. Water depth is about 1.48 m and width 3.5 m. Immense human activities are discouraged probably because of its location on the outskirts of the town.
station ii
This station is characterised by the depth, which ranges from 0.27 to 0.79 m and the highest flow velocity. It is surrounded with Elephant grass. The dominant human activity at this station is cassava washing by riparian communities and, consequently, it is the site where effluent from various cassava processing plants is discharged into the stream. No notable fish assemblages are recorded at this station. The riverbed contains cassava debris.
station iii
The station is located 7 km further downstream from station II by the Owa-Ofie village. At this point the river bed widens considerably. The riparian vegetation of the area could be described as farm bush. Land clearing activities for farming and sand dredging are the predominant forms of land use. For most of its length, the river is flanked by Indian bamboo trees (Bambusia sp.) and Palm trees (Elaeis guineenis), Pandanus sp., and Mitragyna ciliata. The current velocity is relatively fast (average value = 0.47 m/s). The substratum is predominantly clay and silt. Human activities include bathing, fishing, sacrificial activities by superstitious believers etc. The water depth is approximately 0.75 metres.
Water sampling
Water samples were collected monthly from three different sites. Surface water temperatures were taken with a thermometer. Conductivity, pH, total alkalinity, dissolved oxygen, biochemical oxygen demand (BOD 5 ), and total dissolved solids were determined according to APHA (1985) methods. Other parameters measured included water velocity, which was measured three times by timing a float (average of three trials) as it moved over a distance of 10 m in the middle of the channel (Gordon et al. 1994) . Depth was measured in the sample area using a calibrated stick. Nitrate-nitrogen (NO 3 -N), sulphates, chloride, and phosphate-phosphorus (PO 4 -P) were measured spectrophotometrically after reduction with appropriate solutions (APHA 1985) . The substratum composition in each 25 m sampling reach was estimated visually as the percentage of silt, loam and sand as defined by Cummins in Ward (1992) . macroinvertebrate sampling Macroinvertebrate samples were collected by a 3 min kick method with a D-frame net (700-800 μm mesh) along an approximately 25 m long wadable stretch of the river. Four different samples were taken at each sampling site, which covered all different substrata and flow regime zones. This sampling strategy was evaluated (a semi-quantitative sample (0.5 m² quadrat) was collected with a modified kick net (Lazorchak et al. 1998) by previous sampling performed prior to the main study and four replicates were established to be good enough to capture the maximum number of different macroinvertebrate taxa. As the substrate was disturbed, the operator and the net moved upstream for the required duration of time. Samples collected from the net were preserved in 10% formalin. In the laboratory, samples were washed in a 500 μm mesh sieve to remove formalin, then macroinvertebrates were picked from the substrate with the aid of an illuminated 10× magnifier, and then the entire sample was enumerated and identified to the lowest practical taxon under a binocular dissecting scope using taxonomic keys and references (Pennak 1978; Durand et al. 1981; Merritt & Cummins 1986; Cranston 2000; Gerber & Gabriel 2002; Huxley 2003) . The identification of certain dipterans and oligochaete worms, which were prepared on a slide using polyvinylchloride as a mountant, was carried out in the laboratory using an optical microscope. Community attributes and chemical features of sites were compared using repeated measures ANOVA. Fixed effect ANOVA's were performed using dates as replicates on log (x + 1) transformed data. Significant ANOVAs (p < 0.05) were followed by Tukey Honest significant difference (HSD) tests to identify differences between site means. Richness of taxa, diversity and evenness indices were calculated using the computer Basic program SP Divers (Ludwig & Reynolds 1988 ). Jacquard's index was used for comparing similarities among the stations.
results
The mean values of some physical and chemical parameters of the study stations are summarised in Table 1 . Air temperature, water depth, flow velocity, dissolved oxygen varied spatially and differed significantly (p < 0.05) among the stations. The orthogonal comparison using Tukey Honest test showed that station II (the cassava-impacted site) was the cause of the observed differences. BOD, TDS, amounts of sulphates, chloride, nitrates and phosphates were significantly higher at station II as compared with those upstream and downstream of the impacted site. On the other hand, nitrates and phosphates showed wide temporal variations with higher values recorded in dry season months as compared with rainy season months. The monthly BOD varied among the stations. The BOD value ranged from 0.93 mg/l to 11.8 mg/l. At station II the highest value of BOD (11.8 mg/l) was recorded in June as a result of the low dissolved oxygen value. Meanwhile, at station I the lowest value of BOD (0.93 mg/l) was observed in January. A significant difference was recorded at all the stations (p < 0.05). However, a significant difference was noticed not in all months (p > 0.05). The monthly pH values varied from 3.62 to 6.80. Station III exhibited the highest pH value in January, while the lowest value (3.62) was recorded at station II in May. A significant difference in pH was recorded not at all the stations and not in all months (p > 0.05).
assemblages of benthic macroinvertebrates
Fifty seven taxa, comprising a total of 6,116 individuals were recorded during the study. Total numbers of taxa and means of individuals found at stations I, II and III were 38 (436), 33 (4,792), and 34 (376) respectively. Station II demonstrated the highest percentage density (78.5%) followed by station I (15.3%). Meanwhile, the density at station III was found to be the lowest (6.2%). The density of major groups of macroinvertebrates recorded in the entire area (Fig. 2) showed that annelids (Oligochaeta) constituted the largest and the most dominant order accounting for the highest number of individuals. This was closely followed by the orders of Diptera (2,306), Hemiptera (586), Ephemeroptera (289), Crustacea (143), Odonata (102), Arachnida (97), Zygoptera (30), the order of Plecoptera being the least and numbering only 26 individuals. The family Naididae constituted more than half of the total Oligochaeta density. They were preponderant organisms at station II 
faunal similarities
Faunal similarities among sampling stations evaluated by Jacquard's coefficient are given in Table 3 . This test showed that the within-pair similarity between stations I and III (0.50) and between stations II and III (0.48) was closer than between other pairs of sampling stations. dIscussIon Changes and differences observed in water quality at the stations examined and especially in physical-chemical parameters indicate the abnormality of water at station II due to the impact of cassava effluents. The surface water temperature was consistently lower than the air temperature in all months. The mean air and water temperature obtained are typical of the African tropical Rivers (Imoobe & Oboh 2003) . Higher temperatures were recorded in sunny days than in wet days. This could be attributed to the effect of local climatic conditions during the wet season and shielding from the sun by the shade of vegetation at station I. However, a distinct temporal pattern of temperature variation was observed. The gradual increase in flow velocity, particularly at station II, during the wet season can be attributed to the high flood volume derived from increased precipitation and increased surface run-off and storm water. Changes in water depth (level) were mainly due to successive rainfall throughout all the months.
There was a significant difference in water depth at different stations and this can be ascribed to the nature of the riverbed, which is uneven. This study proved that there is a significant interrelationship between the concentration of dissolved oxygen and the abundance and diversity of benthic organisms because the greatest abundance and species diversity were recorded at station I with the highest dissolved oxygen levels. Impairment of oxygen concentration at station II was attributed to the high content of organic matter. The BOD 5 obtained at station II shows the abnormality of water at this station, which can be ascribed to the cassava wash water impact. The values obtained were significantly higher than those at reference stations (Station I, which is upstream of the cassava-impacted site). According to BOD, streams are classified into: unpolluted (BOD 5 < 1.0 mg/l), moderately polluted (BOD 5 between 2-9 mg/l) and heavily polluted streams (BOD Edokpayi et al. (2000) and 62 taxa reported by Egborge et al. (2003) in some perturbed freshwater systems of the Niger Delta. The near restriction of oligochaetes and Diptera to station II can be explained by the discharge of cassava effluents with characteristic properties into sections of the river around the sites. This probably caused disruption of the life cycle, reproductive cycle, food chain, and migrations or imposed physiological stress on less tolerant benthic macroinvertebrates, hence the absence of benthic fauna is associated with clean water. High nutrient enrichment and sedimentation are known to favour oligochaetes at the expense of snails, algal piercing Trichoptera, Ephemeroptera and Plecoptera (Arimoro et al. 2007) . Again, the high number of individuals recorded at station II could be attributed to the organic substances from cassava effluent whose substrate is mostly covered with bacterial and sewage fungi, which are the main food source for most oligochaetes (Rueda et al. 2002) .
The overall composition and density of fauna varied both spatially and temporarily in response to physical, chemical and biological factors of the environment. Mollusca were represented by Limnaea sp. in a few numbers and were restricted only to station I, while crustaceans were represented by Caridinia sp., Desmocaris sp. and Macrobrachium dux. These were mainly found at station III except, Macrobrachium dux, which was found once and was restricted only to station I as it is sensitive to pollution. The complete absence of snails and crustaceans at station II may be due to the effluent of untreated cassava water and the low level of dissolved oxygen at this station. The calculated taxa richness, Shannon's diversity, and evenness indices revealed the decimating impact of the cassava effluent on communities of benthic macroinvertebrates. Reduced values of these indices and an increased in dominance index at station II are similar to the typical response of benthic communities to organic pollutants (Chindah et al. 1999; Walsh et al. 2002; Ndaruga et al. 2004; Atobatele et al. 2005; Arimoro et al. 2007) It is evident from the study that water quality deteriorated as one moved downstream of the Orogodo River basin and this is mainly due to the indiscriminate disposal of effluents of untreated wastewater from cassava washing which is organic waste. Consequently, this has resulted in environmental degradation, which means that only non-sensitive species can survive while sensitive species are prone to extinction. Furthermore, non-sensitive species increased in population density due to the decline of competition with more sensitive species.
The large-scale expansion of cassava processing has created improperly stored waste product in form of peels or fibrous byproducts, which cause a very unpleasant odor, and deplete water resources (FAO 2004) . In view of the above, new strategies are needed to balance the current need for food and fodder with the maintenance of the healthy environment for future generations. The impact discussed here is considered preliminary, owing to limitations on the scope and depth of parameters used as criteria.
The impacts of cassava effluents on the Orogodo River must be checked to avoid the extinction of sensitive species, which are already declining in population as this study has pointed out. Furthermore, a more detailed study with more stations upstream and downstream of the cassava effluent impacted sites is necessary to fully document changes in water quality and community structure and the extent and duration of such changes so as to better understand pollution processes in this river that might call for improved regulation and policy development. 
